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(54) Title: IMPLANTABLE HYPERTHERMIA DEVICE AND SYSTEM 

(57) Abstract 

A system for generating 
heat and sensing the tempera- 
ture in an internal body organ 
such as in a tumor and for gain- 
ing information about the tu- 
mor for diagnosis and other 
purposes comprising a first sys- 
tem portion which is preferably 
entirely implantable beneath the 
skin of the person being treated 
or diagnosed including a probe 
(12) device having electrical 
neater (34) and sensor elements 
(36) in it for implanting extend- 
ing into the tumor to be treated 
and including an internal- Con- 
trol unit (16) also implantable 
under the skin and operatively 
connected to the heater (34) and 
sensor elements (36) in the 
probe (12), the internal control 
unit (16) also including an elec- 
tronic control unit for controlling the energizing of the heater element (34) and having a sensor responsive portion respon 
sive to the temperature sensed by the sensor element (36), and a transmitter/receiver device (50) and a second system por- 
tion including an external control unit (22) having a transmitter/receiver device (234) for positioning on. the skin adjacent 
to the internal transmitter/receiver device (50) for exchanging information between the internal (16) and the external con- 
trol units (22), the external control unit (22) also including a computer (203) and associated computer control devices and 
software. The external control unit (22) also includes system elements for controlling the application of electric energy to 
the heater element (34) to generate heat in the body organ. The internal control unit (16) may also include a rechargeable 
energy source rechargeable under control of the external control unit (22). 
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IMPLANTABLE HYPERTHERMIA DEVICE AND SYSTEM 
TECHNICAL FIELD 
The present invention relates to an apparatus for 
treating tumors in a living body and specifically to an 
5 implantable hyperthermia device and to an electronic 

control circuit connected thereto to control and maintain 
a desired temperature condition in the tumor. 

BACKGROUND ART 
Malignant tumors and especially malignant brain tumors 
10 are one type of cancer that has a very poor cure rate. 

The available modalities of treatment, including- surgery,- 
radiation therapy, and chemotherapy, have not been of 
substantial success in most cases in the management of 
this disease. It is an established laboratory fact that 
15 altering the environment in which the tumor cells, are 

developing can cause the death of the tumor, and modest 
increases in the temperature of the environment of tumor 
cells can lead to their destruction. It has also been 
proven by clinical research that a modest increase in the 
20 temperature of a tumor, known as hyperthermia technique, 
has led to regression, disappearance, and on some 
occasions, cure of malignant tumors. However, a system 
for delivering energy into the tumor environment to 
produce hyperthermia, especially for extended periods of 
25 time, is not presently available except for the use of 
radiation means which are damaging to the surrounding 
tissue and difficult to control. An ideal system for 
introducing hyperthermia should be efficient, accurate, 
reproducable, safe, programmable, and totally implantable 
30 oc self contained under the skin of the patient for 
reasons that will become apparent. 

DISCLOSURE OF INVENTION 
The present invention teaches the construction and 
operation of a device and system that has all of the 
35 desirable characteristics mentioned above. For example, 
the present invention teaches the construction of an 
implantable probe connected electrically to an internal 
control unit (ICU) , which probe and internal control unit 
and the connections therebetween are all implantable under 
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the surface of the skin so that there is nothing that 
projects through or from the skin. In the present 
construction , the probe is an elongated member which 
includes one or more heater elements and one or more • 
5 temperature sensors which are located on the probe at 
positions* such that when the" probe is implanted on the 
patient the heater and. sensor elements will be positioned 
to heat and to respond to the tumor temperature at the 
locations desired to be treated. The heat sensors when 
10 properly located in relation to the tumor respond to and 
monitor the temperature .of the. tumor thereat, and the. 
internal control unit is connected to the heater element' 
or elements and to the .sensors by wires which are 
preferably coil constructed and located under the skin so 
15 as to allow the patient normal body movement without 

discomfort and without the possibility for stretching or 
contracting the wires. It is also contemplated to use one 
or more probes each equipped with one or more heater 
elements and sensors all connected to be controlled by the 
20 same internal and external control means. 

In the present construction, the internal or implanted 
control unit includes its own power supply which is 
implanted with the unit completely in the patient's body 
and under the skin. The power supply may include a 
25 ' battery or other energy source which is preferably 

rechargeable by external means that can be coupled to the 
internal means for this and other purposes. The power 
supply includes circuitry to delivery energy from .the 
battery to the heater and sensor elements in the probe and 
30 also provides the energy for operating the internal 

control unit. The internal control unit controls the 
energizing and deenergizing of the heater element in 
response in part to the temperature sensed by- the sensors 
and in part due to external and internal controls and 
35 programs and it includes means to control the amount of 

heat generated by the heater element and the frequency and 
duration that the heater element is energized. This is 
done under control of the sensors and other control and 
program means so that there is a careful and precise ^*rz 
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control over the amount of heat generated in the tumor 
according to a program established therefor. The device 
may include means for keeping an ongoing record of the 
operation for evaluation and reprogramming purposes and in 
some cases the same information may be used for diagnostic 
purposes. The internal control unit also contains means 
to store a program therefor, means- to store responses of 
the sensors, and means for transmitting and receiving 
instructions to and from an external control unit and/or a 
computer so that information can be exchanged therebetween 
for- evaluation and program updating. The information 
exchanged can be control information, information as to 
the amount of heat to be introduced into the tumor, 
information as to the temperature and changes in the 
temperature at specific locations in the tumor, 
information as to the charge remaining on the power 
supply, fail safe information, verification and assessment 
information,, and information as to the frequency and 
duration of applied heat. This information can be- stored 
in memory means which are included in the internal unit 
for transmission by internal transmission means through 
the skin to external receiver means which are part of the 
external control unit. The information thus exchanged can 
be used to program and reprogram the internal unit 
depending upon the amount and frequency of heat required 
to be generated taking into account the measured 
temperature of the tumor and the treatment requirements. 
The external control- unit can also be used to control the 
recharging of the internal battery or power pack contained 
"in the internal unit from time to time as required and to 
monitor the amount of power remaining in the power pack to 
assure continuity of operation of the internal unit and 
the safety of the patient. The external control unit, 
like the internal control unit, should also contain 
storage means for storing information it receives from the 
internal unit, and the external control unit should 
include computer means or means for coupling to a computer 
or other data processing device having the capability and 
software programs to evaluate the information it teoeWes 
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and to produce outputs for transmitting to and entering in 
the internal control unit as required. Such information 
can be used to reprogram the internal unit .as by changing 
the amount and frequency of heat application to the tumor 
5 for some reason such as to achieve and maintain some 
desired tumor temperature* The computer to which the 
external, unit is. coupled should possess the software 
necessary to produce the functions described above* 

So far as known there is no system in existence that 
10 has the features , benefits and capabilities of the present 
system including, having means, for. predeterminately 
accurately generating heat in a tumor using a probe with a ■ 
heater element thereon as distinguished from other forms ■ 
of heat producing means such as radiation means which are 
15 known to often cause damage to tissue and organs adjacent 
to the area being treated when the radiation is applied to 
the tumor for therapeutic reasons. So far as known, there 
are no devices which include a self-contained implantable 
system for applying heat therapy to a tumor and which 
20 includes means to continuously monitor the temperature of 
the tumor in order to assess and verify the treatment and 
which are manually or automatically programmable to change 
or adjust the treatment. " The present invention therefore 
represents a new, more accurate, and safer means for 
25 generating heat in a tumor or in some body organ without 
the use of medicines or radiation, for some therapeutic 
and/or other reason. The present invention allows for the 
internalization of a self contained control system which 
includes means programmable to control all of the 
30 functions thereof, and yet can be coupled to external 

control means for treatment evaluation, verification and 
assessment of past and present operational conditions and 
which can be programmed and reprogrammed- to change the 
treatment as by selecting a different level of heat 
35 generation, a different schedule of "treatment frequency 

and duration of heat application and which contains means 
for charging or trickle charging an internal power pack or 
battery to maintain and sustain the operating condition of 
the system' and to substantially extend the life of the. 
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•implanted system without surgical procedures. All of 
these and other functions can be performed on a continuing 
safe basis, for extended periods of time, and without 
having repeatedly to surgically remove portions of the 
implanted system. 

The present system therefore represents an important 
advance in means for heat treating tumors and other body 
organs including particularly the treatment of brain 
tumors using carefully controlled and regulated 
hyperthermia means which do not produce any radiation 
which can cause damage to other body parts and ; . functions , 
and the "present, system provides a useful additional 
medical option for use in treating such tumors. The 
present device also allows for prolonged periods of 
therapy under precisely controlled circumstances and with 
appropriate feedback and control systems which can be used 
to evaluate the results of the treatment and can be used 
to reprogram the system taking into account changes in the 
patient's condition and the condition of the tumor or 
other organ being treated. The present system also has 
fail-safe features which continuously monitor and, if 
necessary, update or abort the treatment so that the 
chances of putting the patient at risk are minimal. 

It is an important advantage of the present invention 
that it provides a^ totally implantable hyperthermia system 
for the treatment of tumors and other internal organs and 
the like which substantially reduces the risk of infection 
even over prolonged periods of treatment by not having any 
parts of the implanted system pass through or extend from 
the skin. Also, since all of the operational components 
of the present system are implanted under the skin, a 
patient equipped with the implanted components may be 
ambulatory during treatment, and it is expected that at 
least some patients so equipped can be away from any 
external controls while treatment continues even for 
extended periods to time, often while carrying on other 
activities of" daily living including possibly being 
involved in gainful employment. This is not usually 
possible with any other known hyperthermia or related 
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treatment procedures. While the patient is moving about 
the treatment progresses under control of a program that 
. is stored in the implanted system, and the. program can be 
monitored and revised or changed from time to time as 
5 required by coupling the internal control unit to the 
external control means and if necessary to a central 
. . computer. As explained the power supply. or battery that 
is incorporated into the implanted system is selected 
because it is small in size and rechargeable from external 
10 means as by trickle charging it by means which couple the • 
internal- and external units. The degree of flexibility, 
and control available with the present system is 
non-existant in. any known device at the present time. The 
present system therefore represents an important technical 
15 advance and a modality of management especially useful for 
the care and treatment of cancerous tumors which is not 
otherwise available on the market. 

It is therefore a principal object of the present 
invention to provide an important alternative means for 
20 treating cancerous tumors. 

Another object is to teach the construction and 
operation of an implantable system for controlling and 
monitoring the application of heat to an internal region 
of the body including into a cancerous tumor. 
25 Another object is to provide means to control and 

program an implanted heat producing system by means which 
couple the implanted system to an external control system. 

Another object is to provide a self contained 
implantable treatment system for use in generating heat in 
30 £ cancerous tumor or other location inside the body to 

predeterminately raise and maintain a desired temperature 
in the tumor. 

Another object is to provide the possibility for 
making patients with cancerous tumors including cancerous 
35 brain tumors ambulatory during treatment thereof. 

Another object is to provide means for recharging a 
power supply implantable under the skin by means which 
couple to the implanted power supply from an external . 
source through the skin. 
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Another object is to provide relatively safer 1 means 
for treating cancerous tumors. 

Another object is to generate heat in a tumor by means 
of an electric heater element positioned in the tumor. 
5 Another object is to locate a heater element at a 

location within the tissue or tumor to be treated so that 
heat generated thereby radiates outwardly into' the 
surrounding treatment area. 

Another object is to minimize the surgical procedures 
10 necessary in the treatment of cancerous tumors including 
cancerous tumors located- in the brain. 

Another object is to provide an implantable system for 
applying heat to tumorous areas including means for. 
regulating the amount, frequency and duration of heat 
15 applied in response at least in part to temperatures 

sensed- by heat sensors also located in the region where 
the heat is applied. 

Another object is to teach the construction and 
operation of a novel probe assembly capable of being 
20 implanted extending into a cancerous tumor with minimum 
surgical procedure and damage to the patient. 

Another object is to minimize the surgical' procedures 
necessary to implant and maintain a heat generating device 
in a tumor. 

25 Another object is to provide more information for 

evaluation purposes during the treatment of tumors using a 
hyperthermia technique. 

Another object is to provide a probe for extending 
into a cancerous tumor that includes means for generating 
30 heat in the tumor and means for sensing the tumor 

temperature at one or more locations in the region where 
the heat is generated. 

BRIEF DESCRIPTION OF DRAWINGS 
- These and other objects, and advantages of the present 
35 invention will become apparent after considering the 
following detailed specification covering preferred 
embodiments thereof in conjunction with the accompanying 
drawings, wherein: 

Fig. 1 is a side view of the head and upper body 
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portion of a person equipped with an implanted 
hyperthermia system constructed according to the teachings 
of the present invention; 

Pigs. 2A and 2B together are a schematic diagram of a 
5 control circuit for an implantable hyperthermia system 
including an internal or implanted system portion and the 
external portion for coupling to the internal- portion,* 

Fig. 3 is an enlarged cross-sectional view through a 
single element probe with a portion J of cable attached 
10 -thereto for use with the present device; 

-Fig. 4 is a cross-sectional view taken on line 4-4 of 
Fig. 3; 

Fig, 5 is an enlarged cross-sectional view through -a 
multiple element probe with a portion of cable attached 
15 thereto for use with the present device; 

Fig. 6 is a side view of the probe and cable portion 
of Fig. 5 but shown in a non-linear configuration; and 

Figs. 7A and 7B together are a flow chart for the 
systems shown in Figs. 2A and 2B. 
20 BEST MODE FOR CARRYING OUT THE INVENTION 

Referring to the drawings more particularly by 
reference numbers, number 10 in Fig. 1 refers to the head 
and upper body portion of a patient equipped with an 
implantable system constructed according to the present 
25 invention. The system includes a pcobe 12 which is shown 
imbedded in the head of the patient in position to extend 
from the surface or cranium of the head inwardly into a 
tumor T to be treated. A cable 14 is connected between 
the probe 12 and the internal control unit 16. The probe 
30 12, the cable 14 r and the internal control unit 16 are all 
surgically implanted in the body of the patient beneath 
the surface of the skin so that there is no protruding 
portion' of the system which extends through or pierces the 
skin surface. This is important to the prolonged 
35 functional operation of the system since having the 
. internal portions of the system completely implanted 
substantially reduces or eliminates the chances for 
infection and it is therefore expected that the internal 
system can remain in place for an extended period of time 

OM?I 
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without any further surgical procedure being required. 
The details of the probe 12 and the internal control unit 
16 will be described more in detail in connection with 
Figs. 2A and 3. 
5 In Figs* 2A and 2B, the skin 18 of the patient is 

* shown positioned between the internal control unit 16 and 

an external control unit 22. .The internal control unit 16 
is shown coupled by leads 24, 26, 28, and 30 which are in 
the cable 14 to control elements located in the probe 12 

10 including one or more heater elements 34 and one or more 
heat, sensitive elements or thermistors 36... The probe 12 , 
including the elements 34 and 36, and the internal control, 
unit 16, are all surgically implanted under the skin of 
the. patient so that nothing pierces or extends through the 

15 skin to cause infection or other problems. As stated,, 

this is an important advantage of the present system. The 
internal control unit 16 includes means for controlling 
the application of electrical energy to the heater element 
j or elements 34 according to some predetermined program, or 

20 instructions established in the internal control unit and 
changed from time to time by the external unit 22 as will 
be described. The internal control unit 16 also has 
connections with the thermistor or thermistors 36 located 
on or adjacent to the probe at locations such that the 

25 thermistors are able to sense the temperature in the 

treatment area or tumor and provide outputs which can be 
used to evaluate and assess the effect of the treatment to 
enable modifying the treatment including the amount of 
heat generated by the heater element 34 as required to 

30 maintain some internal temperature condition for treatment 
purposes. For example, if the temperature of the tumor as 
sensed decreases then additional energy may need to be 
applied to the heater element 34 to maintain the 
temperature in the tumor at .some desired level and for 

35 some desired time period or periods. 

The heater elements 34 are preferably selected to be 
non-inductive , to have relatively low temperature 
coef f icients • and to be resistive type elements. The 
) heaters should be able to increase the temperature of frhf 
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surrounding tissue from normal body temperature of about 
37°C to a- maximum temperature adjacent thereto of about 
45°C. The heaters 34 should also be able to withstand 
repeated exposure to radiation without any degradation in . 
performance characteristics such as degradation in 
resistance, temperature coefficient, heat capacity and/or 
heat dissipation constant. For a typical probe 
construction the heater elements should also be as small 
as practical, and a typical size is- in the order of 2 
millimeters in diameter and 6 millimeters in length. Such 
devices are. available commercially. 

Referring to Fig. 2A the internal control unit 16 
includes a power supply 38, grounded at 40 and shown 
connected to a power pick-up trickle charge circuit 42 
which in turn is connected to a power inductor coil 44. 
The inductor coil 44 is preferably located on the unit 16 
as near as possible to the surface of the skin 18 so that 
external means can be closely coupled thereto when it is 
necessary- to recharge or trickle charge the power supply 
38. The power supply 38 may include a rechargeable 
battery or some other similar rechargeable energy source. 
The power supply 38. has an output connection 46 which is 
the main power lead used to supply energy for the internal 
control unit including for operating the heater and 
thermistor elements 34 and 36. 

The internal control unit (ICU) 16 is the portion of 
the system that controls the temperature generated by the 
heater element 34 as programmed internally by means of the 
external control unit (ECU) 22. The internal control unit 
16 also includes ultrasonic transmit/receive means 
(transceiver) 50 which include transmitting portion 52 
used to transmit information for receipt by the external 
control unit 22, and a receiver portion 54 which receives 
information transmitted by the external control unit 22 
for various purposes including programming "and 
reprogramraing the internal control unit and controlling 
the transmissions of information between the units* The 
internal control unit includes a digital to analogue 
converter (DAC) circuit 5 6 which converts 8-bit binary 
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parallel words from the output of an' internal 
microprocessor (uP) 58 to current outputs which are used 
to energize the heater 34 to produce the amount of heat 
that is desired. The output of the 8-bit DAC 56 is 
5 applied through a current driver circuit 60 which may be 
an emitter follower circuit that receives power from the 
power. supply 38 by way of emergency power-off circuit 62 
connected thereto, as shown. The output of the current 
driver circuit 60 is a voltage that is applied to the 
10 non-grounded side of the heater element 34 by leads 64 and 
24.. The same output applied to .the heater 34 is also 
applied as an input to an analogue multiplexer (MUX) 
circuit 68. The analogue multiplexer 68, under control of 
the microprocessor 58, is constructed and connected so as 
15 to be able to select and monitor, various conditions 

throughout the internal control unit including the voltage 
on the heater element 34, the voltage on the thermistor or 
heat sensor 36, as well as other circuit conditions, and 
it converts the signals or responses being monitored to a 
20 digital format by means of an 8-bit analogue to digital 
converter (ADC) 70 by way of amplifier circuit 72. The 
signals thus converted are applied to the data bus 73 for 
entry into the microprocessor 58 and other circuit 
components. The analogue multiplexer 68 has other input 
25 connections from various locations in the circuit 

including an input connection from the output of the 8-bit 
digital to analogue converter. 56 on lead 74, an input from 
the output of the current driver 60 on leads 64 and 76, an 
input from the output of the emergency power-off component 
30 62 on lead 78, an input from the non-grounded side of the 
thermistor 36 on leads 30 and 80, and inputs from a 
precision voltage source 82 on leads 84, 86 and 80. The 
precision voltage source 82 is used in connection with the 
calibration of the' thermistor 36. The lead 86 from the 
35. source 82 includes a biasing resistor 88, The analogue 
multiplexer 68 also has a power input connection on lead 
90 which is connected to output lead 92 on the power 
supply 38. The analogue multiplexer 68 is controlled from 
the microprocessor 58 and from other circuit connections——^. 
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by signals present on address bus 93 whereby the analogue 
multiplexer 68 can, among other things, maintain accuracy 
of the system even if some of the circuit parameters drift 
out of specification by automatically compensating for 
such errors. As a result the need for further surgery to 
manually adjust or replace implanted components is 
substantially reduced* 

■ The microprocessor 58, as indicated, is the portion of 
the internal control unit 16 that controls all of the 
various functions thereof including also the functions of 
communicating with the external control unit 22. The 
microprocessor 58 has control and other connections . 
' including data and address connections to a 1024 bit 
random access memory (RAM) 94 which memory is programmable 
15 from the external control unit 22. When programmed the 
■ RAM 94 will enable a patient equipped with the. subject, 
internal control unit 16 to be able to undergo 
hyperthermia treatment while away from or out of 
communication with the external control unit 22, This is 
20 an important feature of the present device because it 
means that therapy can proceed continuously, reliably, 
safely, and in a precisely controllable manner for 
extended periods of time without constant attention 
thereby enabling the patient to maintain a fairly normal 
25 lifestyle even while undergoing treatments The. RAM 94 
also converts data from the MUX 68 for subsequent 
transmittal to the external control unit. 

Other portions of the internal control- unit include a 
2-K read only memory (ROM) 96 which is shown as part of 
30 the microprocessor 58 itself, an universal asynchronous 
receive/transmit circuit (UART) 98 which is provided to 
couple the microprocessor 58 as well as other portions of 
the internal control unit 16 to the ultrasonic 
transmit/receive circuit 50 which converts signals between 
35 -the internal a.nd external control units. The internal 
control unit 16 may include an emergency digital to 
analogue converter (DAC) 100 which can be connected to the 
ultrasonic transceiver 50 by lead 102 and connected to the 
power supply by way of the emergency power-off circuit^.^^^ 
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62. In addition, ' the internal control circuit 16 includes 
various circuit connections including the data . bus .73 
described above which has connections between the 8-bit 
DAC 56, the microprocessor 58, the 8-bit analogue to 
digital converter (ADC) 70, the RAM 94, and the DART 98. 
A second group of interconnections identified as the 
address bus 93 which provides other connections between 
the microprocessor 58, the analogue multiplexer (MUX) 68, 
the 8-bit (ADC) 70, the RAM 94, the UART 98, the 8-bit 
(DAC) 56, the emergency power-off circuit 62 and the 
trickle charge. circuit. .42. The circuit elements included 
in the internal control unit 16 may be constructed using 
conventional technology, and their operations will be 
described more in detail in connection with the flow 
charts shown in Figs. 7A and 7B. In general, however, the 
internal control unit operates to regulate the amount, 
frequency, and time duration of the heat applied by the 
heater element 34 to establish and. maintain a desired 
tumor temperature all of which functions depend upon the 
programming of the internal control unit as controlled and 
modified by the external controls and the tumor 
temperature, as sensed by the temperature sensors or 
thermistors 36. If it is desired to maintain a 
predetermined temperature in the tumor the circuit will be 
programmed to energize, the heater element 34 to some 
desired level to produce sufficient heat to reach the 
desired tumor treatment temperature. Thereafter, the 
amount of heat generated is determined by the voltage 
across the heater element 34 and will be adjusted manually 
or automatically. The amount of adjustment necessary will 
depend on the difference between normal body temperature 
and the desired temperature, the duration of time heat is 
applied, the frequency of the application of heat, changes 
in the temperature of the tumor as sensed by the 
thermistor 36, and changes that may occur in the tumor 
itself as the treatment proceeds. All of these and other 
factors can be programmed into the circuit. The amount of 
heat generated by the heater at .any time will depend on 
the output word of the 8-bit DAC 56. operating through the 
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current driver 60 as this output controls the voltage 
across the heater element and therefore the current flow 
therethrough. 

The external control unit 22 shown in Fig, 2B includes 
5 the hardware and associated software necessary to effect 
clinical analysis of the data received from the internal 
control unit 16 and data . from other sources that may be 
required. The external control unit has its own 
microprocessor (uP) 200 which is programmed from keyboard 

10 202 and is part of an associated computer 203, The 

microprocessor 200 has .outputs that feed a cathode ray . . 
tube graphics circuit 204, a cathode ray tube 206 which 
may have a connection from the graphics circuit 204, a 
printer/plotter 208 if need be and possibly a disc storage 

15 device 210* The elements 204, 206, 208 and 210 are 

optional depending upon the needs and sophistication of 
the system with which the subject device is to be used and 
the needs of the operator. The microprocessor 200 also 
has input/output connections to a power control circuit 

20 212 and to a data control circuit 214. The main external 
power control circuit 212 has output leads 216, 218 and 
220 which are connected to another power control circuit 

222 which is part of an external power transducer (EPT) 

223 and is connected to an external power inductor 224 

25 which when used is positioned against the skin 18 adjacent 
to the internal power inductor 44. This is done when it 
is desired to trickle charge the internal power supply 38 
as aforesaid. The lerd 216 is the power lead, the lead 
218 is the power return lead, and the lead 220 is the 
30 power control lead on which signals appear which control 
the charging of the power supply 38. The main external 
power control circuit 212 receives input power from a 
conventional source such as through a wall outlet and 
supplies power. to the power control 222 and from there to 
35 the inductor 224 which is coupled to the inductor 44 to 
recharge the power supply battery 38 in the internal 
control unit 16. The use of electromagnetic coupling 
between an implanted power source 38 and ah external power 
transducer through the skin as a means for maintaining^..^ 
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energy for operating an implanted system such as disclosed 
herein has not been used before so far as known. Such a 
rechargeable supply is very important to the present 
system because not only is it expected that relatively 
large amounts of power may be required to generate the 
heat necessary to raise and maintain the tumor temperature 
at some desired level but it may be necessary to maintain, 
these conditions for protracted periods to meet the needs 
of the treatment. A rechargeable power supply affords 
this possibility. It is also possible and contemplated to 
couple the external power transducer 223 to the internal 
power means during treatment so that at least some of the 
power to operate the internal control unit will be 
maintained and supported more directly by the external 
15 power supply particularly during periods of greatest 

demand. In some cases the required power may come through 
coupling means directly from the external power source to 
the heater or through some combination of external and 

internal power. 
20 m like manner, the data control circuit 214 has 

connections on lead 226 which is a power lead, lead 228 
which is a power return lead, lead 230 which is an 
input/output control lead, and lead 232 which is an 
input/output data lead to an ultrasonic 
25 transmitter/receiver means 234. The means 234 are 

included in an external data transducer 235 which is 
connected to external receiver 236 for coupling to the 
internal transmitter 52 of the internal unit 16, and to 
external transmitter 238 for coupling to the internal 
receiver 54.. It can therefore be seen that the external 
power control portion 222 can be coupled to the internal 
power pick-up 42 through inductors 224 and 44 for charging 
and recharging the internal power supply 38, and 
simultaneously the ultrasonic transmit/receive means 234 
35 including the associated receiver means 236 and 

transmitter means 238 can be coupled to the internal 
transmit/receive means 50 which includes, transmitting 
portion 52 and receiving portion 54. These latter means, 
when coupled, can exchange data and other information^ 
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between the internal and external units. In this way. the 
internal unit can he programmed from time to time as 
desired , and the information gathered by the internal unit 
can be evaluated from time to time in the external control 
unit by computer means connected thereto and controlled by 
suitable software. The computer, using updated 
information from the patient- as the treatment proceeds, or 
from time to time based on the patient r s particular 
treatment program, can reprogram the internal control unit 
according to the changing needs of the patient. When 
exchanging data between the units> and especially when 
charging the power supply, it is greatly preferred that 
the distance between the power inductors 44 and 224 be as 
close as possible to minimize power loss. It is also 
preferred that the location of the internal and external 
transmission and receiving means associated with the 
transfer of data be relatively close to avcid transmission 
loss and errors. It may be desirable in some cases to 
mark the skin at the locations of the means 44, 52, and 54 
as an aid in more accurately locating the corresponding 
external members to be coupled thereto especially if the 
units* are to be separated from each other. This can also 
be done automatically using the computer program in the 
ECU in conjunction with monitoring the trickle charge 
circuit by way of the analogue multiplexer 68, see. 
connection leads 240 and 242 in Fig. 2A. To this end it 
is preferred that all of the internal and all of the 
external coupling means be mounted on respective housings 
that facilitate proper orientation during use. 

. Fig. 3. is an enlarged cross-sectional view of a 
typical probe 12 of the type that might be used to treat a 
brain tumor using the present invention. The probe 12 is 
shown including an elongated tubular wall 250 closed by 
wall portion 252 at one end- and constructed of a 
relatively thin inert substance such as 316L, FDA Approved 
stainless steel, certain plastics or glass. The diameter 
of the tube 12 should be as small as practical to 
accomodate whatever number of heater elements 34 and 
sensors 36 are required and the wall 250 should also be as 
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thin as possible. A probe diameter in the range of about 
1/10 of an inch or 2 millimeters is a good choice and the 
thickness of the wall 250 should be in a range of about 
1/100 of an inch. These ranges can vary as much as 
5 several hundred percent or more. The length of the probe 
selected for a particular application should be selected 
to be long enough to extend from the cranium to the tumor 
treatment area. The inserted end portion of the probe may 
optionally be tapered at its end to facilitate its 
10 insertion in place with minimal damage to the surrounding 
tissue and with minimal surgical preparation. The 
inserted probe end wall 252 is shown as being integral 
with the side wall 250 and the probe edges are preferably 
rounded as shown. The opposite end of the probe 12 is 
15 shown connected to the cable 14 at 254 such that the cable . 
forms a flexible continuation of the probe. The cable is 
preferably formed of a' material such as an elastomer,, and 
the cable- 14 should be flexible enough so that it can be 
laid along the outer surface of the cranium, under the 
20 skin, without producing an unsightly or irritating surface 
condition. The heater 34 and the sensor 36 are shown 
embedded in a thermo-conductive electrically insulative 
material 256 such as a highly thermo-conductive epoxy and 
the cable 14 is formed of an elastomer material 258. A 
25 good selection of a highly thermo-conductive epoxy ...for the 
heat conductive material is Castall 343AB, and a typical 
elastomer for the cable material 258 is Dow Corning 
elastomer MDX-4-4210. 

The internal control unit will typically be implanted 
30 under the clavicle or collar bone where there is 

sufficient space and where there is least discomfort to 
the patient. The probe 12 should be constructed to 
thermally and electrically isolate the heater element 34 
from the heat sensor 36, and this can be done by 
35 separating them from each other as. much as possible and by 
providing insulation therebetween, if desired. The' 
material 256 serves this purpose to a limited extent, and 
it is contemplated to include other means to thermally 
insulate the members 34 and 36 from direct or close 
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exposure to each other. 

As indicated above, the heater element 34 and the 
thermistor 36 should be as small as practicable, and the 
selection of the thermistor for use on the subject device 
should take into account its impedance which should be 
relatively high, and it should have high stability 
characteristics with a negative temperature coefficient. 
Known glass bead type thermistors have these- 
characteristics. A- typical thermistor for use on the 
subject device will be approximately 2 millimeters in 
diameter and can have a length that may vary from a few 
millimeters to a centimeter or longer. 

The cable 14 which is connected. between the probe 12 
including the heater element, the thermistor and the 
internal control unit should be as small in diameter .as 
possible, and. preferably should be relatively flexible so 
that it will not interfer with normal body movements and 
will not be uncomfortable or, unsightly to the patient even 
when implanted under the skin on the skull. The cable 14 
will contain a connector 260 (Pig. 1) or plug at the end 
opposite from the probe 12 which mates with and makes a 
sealed attachment with plug means on the housing of the 
internal control unit. A typical cable for use on the 
present device is shown in cross-section in Fig. 4 and 
includes the two heater wires 24 and 26 and the two 
thermistor wires 28 and 30. The wires 24 and 26 are 
larger in diameter than the wires 28 and 30 because they 
must be able to carry sufficient current to produce the 
amount, of heat required and programmed into the system. A 
typical wire size for the heater wires 24 and 26 is 
approximately 26 AWG solid, possibly silver wire, and a 
typical wire size for the thermistor wires 28 and 30 is 32 
AWG solid wire. The four wires 24-30 will be insulated 
and will be separated from each other and from the body 
environment by being positioned in the single molded 
plastic flexible cable formed of an elastomer 258 or like 
material, as stated. A cable having a diameter typically 
in a range around approximately 1.5 millimeters is 
preferred* Pig. 4 shows one preferred arrangement for the 




wires .24-30 in the four wire cable 14. The particular 
arrangement of the wires 24-30 in Fig. 4 are for 
illustrative purposes and may be differently located in 
the cable 14 depending on their number and size. 

The connections between the cable '14, the probe 12 and 
the internal control unit 16 should be made by 
hermetically sealed locking members or connections to 
prevent the intrusion of corrosive body fluids. The 
connections will usually be made during surgery when the 
system is implanted although in some situations if the 
cable length can be accurately determined in advance of 
surgery the connections can be made ahead of time to save 
the time and effort of the surgeon. If the connections 
are made ahead of time they can also be further protected 
by heat treating or the application of an additional 
sealer. 

The preferred form of the- probe 12 is the. form 12A 
shown in Fig. 5 wherein the probe is an elongated member 
and has a plurality of spaced heater elements 34A-D and a 
plurality of spaced sensor elements 36A-D. In the 
preferred form the heater elements and sensors are 
alternately spaced along the device and the number of 
heater elements and sensors can be varied as required 
depending upon circumstances such as the size of the tumor 
and the distance over which heat is to be applied and over 
which the sensors are to monitor the tissue temperature. 
Each of the heaters 34A-D has a pair of electric 
connections to it as does each- of the sensors 36A-D. 
However, because of the arrangement of the elements in the 
probe 12A it is necessary to have the connections for 
most, if not all, of the elements extend adjacent to the 
periphery of the probe in order to pass by the other 
elements. In the construction as shown this means there 
must be provisions for 16 wires extending between the 
elements and the internal control unit. This also means 
that the internal control unit may have separate means to 
power each of the different heaters and separate means to 
receive and store the different sensor readings. 

In the usual situation only a selected one of the 
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heater elements 34A-D will be energized at one time for 
treatment purposes, and selected ones of the sensors will 
provide temperature outputs for evaluation .and other 
purposes* This means that there will be a relatively ;■ " 5 
5 large space between the sensors that are being read and 
the heater that is being energized and the sensors being 
read will be relatively little, affected by direct heat 
from the energized heater elements. This also means that 
the sensor temperatures being monitored or read will be 
10 more influenced by the temperature of the tissue adjacent 
the. sensors than by the heater. Which of the heater 
elements is to be energized and which of the sensors are 
to be monitored for outputs will depend upon the 
programming of the systems, and the programming, which is 
15 done externally by the external computer 203, can 

selectively energize the several different heater elements 
in any desired order to generate heat at different 
locations along the probe, and in some cases it may even 
j be desireable to energize more than one heater element. at 

20 the same time although this is usually avoided to minimize 
the current drainage of the internal battery source. In 
one experimental application wherein a probe was placed in 
a rabbit's brain the current required to operate the one 
heater was on the order of 43.0 milliamps. If more than 
25 "one heater is energized obviously the current requirements 
will increase correspondingly. It is also possible to use 
a probe having. one heater element and one sensor as shown, 
in Fig. 3, but this is usually not desired since in such a 
construction the sensor element or thermistor may be 
30 unduly influenced by the temperature generated by the 
heater element in relation to the temperature of the 
surrounding tissue. 1 

It is also contemplated for experimental purposes to 
implant a probe extending into the tumor to be treated, as 3 
35 aforesaid, but to have the cable 14 extend through the 

patient's skin to the external control unit thereby making 
it possible to combine the internal and external control 
means into one unit. This will afford an easier way to 
) operate the system and will reduce the surgical procedures- 
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necessary and obviate other needs for an internal power 
source* While such a system may afford an easier and 
possibly more reliable way to apply treatments, it is 
usually not the preferred form since it ties the patient 
to the controls and it also results in a location on the 
skin where infection can more easily start. However, for 

some cases, and for experimental applications such. a 

system may have advantages. 

In addition, it is contemplated to connect- and control 
the heaters and sensors in more than one probe from the 
same control unit as in a situation where it is.desired to 
generate heat in more than one tumor or tumor location at 
the same time. Furthermore, the probe 12A can be formed 
to be other than straight as shown by the probe 12B in 
Fig. 6. There are thus many arrangements, shapes, and 
styles of probes that can be used, including more than one 
type of probe on a single patient, and the present 
invention offers the possibility of selecting different 
probes and probe arrangements to treat different tumors. 
This gives the doctor many more options for tumor 
treatment of cancer patients, and it does so using a 
device that produces minimal surgical damage to the 
patient as when the probe is inserted and removed. The 
path for inserting the probe can be prepared in advance if 
desired using a relatively pointed surgical instrument and 
the depth of penetration of the probe can be determined 
from data obtained using known means to accurately locate 
the tumor. 

The ultrasonic data transceivers 50 and 234 provide 
the data link between the internal control unit and the 
external control unit. For example, the transceiver 234 
in the external control unit can convert incoming serial 
digital data from the data control circuit 214 into bursts 
of ultrasonic energy to be transmitted through the skin to 
5 the transceiver 50 in the internal control unit. The 

transceiver 50 will then convert the data back to serial 
digital data that is compatible with the UART 98 in the 
internal control unit for use by the internal 
microprocessor 58 to control the various functions of the 
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internal control unit including the programming. The RAM 
94/ as stated , is programmable in this fashion by the 
external control unit and is the portion of the internal 
control unit that will enable a patient to undergo 
hyperthermia treatment while away from the external ■ 
control unit. This is an important advantage of the 
present system. In a similar manner, the transceiver 5Q 
in the internal control unit can convert incoming serial 
data from the UART 98 into bursts of ultrasonic energy 
that will be received by the transceiver 234 in the 
external control unit and there converted back to serial 
digital data that will be sent to the data control circuit 
214 for processing by the computer. 

The external control unit, as explained, is that 
portion of the system that contains the operational 
program including the keyboard and the software for the 
entire system. The external control unit generally will 
also include a computer such as the personal computer 203 , 
a power control circuit portion 212, a data control 
portion 214, an external power transducer 223 and an 
external data transducer 235 all connected as shown in 
Pig. 2B. The hardware and software in the external 
control unit will effect all the clinical analysis of the 
data including clinical analysis of information and data 
received from the internal control unit, and depending on 
the program and data available, will make decisions as to 
how the therapy will proceed. The. computer 2.03 is part of 
the external control i:nit 22 and includes the 
microprocessor 200 and the keyboard 202 and may also 
include the graphics module 204 , the cathode ray tube 206, 
the printer/plotter 208, and the disc storage 210. these 
may all be off-the-shelf items. In addition to the 
features indicated, the computer will also contain the 
necessary peripherals and software to effect any clinical 
analyses that "may be required. The external power control 
circuit 212 interfaces with the. computer 203 and contains 
the necessary decoding circuitry so that the current flow 
in the power inductor 224 will be turned oh and off. under 
control of the operation program contained in the computer 
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and this will also enable the operator to start and stop 
'the trickle charge or power transfer from the external to 
the internal units without removing and/or - repositioning 
the power inductor 224 and the members 236 and 238 even 
5 during prolonged periods of clinical testing. The 

external control circuit will also' contain the necessary 
decoding circuitry to contrpl .the mode of operation and 
the sequence of the transmissions and receptions between 
the internal and external control units. Necessary buffer 
10 circuitry may also be required to enable receipt and 

transmittal of serial digital data from one unit- to the-, 
other . 

The external power transducer. 223 which includes .the 
power control 222 and is provided to induce current flow 

15 into the power pick-up 42 by coupling through the skin 
should preferably be as. light weight as po'ssible and 
should be easily positioned against the outside surface of 
the skin so that the inductor 224 will be closely adjacent 
to the internal inductor 44. It may be desirable to 

20 provide a monitoring routine as an aid to properly 

positioning the external power inductor 224 to maximize 
the current flow into the power pick-up 42 by maximizing 
the coupling to increase the power transfer efficiency. 
The external data transducer 235 which includes the 

25 ultrasonic transmi t/receive . means 234 is the portion of 
the external control unit that converts incoming serial 
digital data from the computer 203 into bursts of 
ultrasonic energy for transmission to the ultrasonic 
receiver 54. The external data transducer 235 operates to 

30 convert signals received from the internal control unit to 
serial digital form for sending to the computer 203. The 
ultrasonic transceiver 50 serves somewhat similar 
functions in the internal control unit 16. 

A description of the software is also necessary to a 

35 complete understanding of the present invention. The 
software is associated with the computer means in the 
external control portion of the subject device and is used 
to analyze information received from the internal control 
unit and to provide information for programming the 




internal control unit according to its analysis and 
assessment and according to the instructions it receives 
by operation of the keyboard. The information gathered 
can also be used for diagnostic purposes independently of 
the heater means if desired. For example, the data 
available from the sensors can be used to evaluate a 
condition prior to or following a treatment to determine 
if treatment is necessary. or if a treatment has been 
successful. The various functions of the software will be 
described in connection with a typical treatment situation 
and [reference should -be. -made during this description to 
the flow charts shown in Figs. 7A and 7B. It will also be 
assumed in this description that the internal control unit 
has been implanted in the patient and is working 
properly. Under these circumstances when power is first 
applied to the external control unit, the software will 
immediately go into an initialization testing routine. 
The purpose of this routine is to verify the proper 
operation of the system and to perform some basic testing 
before reaching a saf e-to-continue condition. If, during 
this period, any failure is detected/ indicating a 
dangerous condition to the patient as determined by 
monitoring certain circuits, all power will be removed' 
from the system immediately. Such failures typically 
include such things as runaway or excessive heater 
current, an open sensor circuit, a shorted power supply, a 
failure of the transmission or receiver means, a failure 
of the data handling means, or a failure, of the power, 
coupling means. Under these conditions no application of 
cyrrent will be applied to the heater element 34. On the 
other hand, if the tests indicate that the system is 
operating normally, a System Normal condition will be 
reached and it will then be necessary for the operator to 
select between the automatic or the manual mode of 
operation. The selection made will determine the course 
of future operations. 

If the operator selects a manual mode of operation by 
operating an appropriate key on the keyboard, all 
operations and functions of the system will be under 
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control of the operator and the operator will then have to 
constantly monitor all activity occurring within the 
system. The operator will be aided in this by a display 
on the cathode ray tube 206 and/or by other means in the 
5 computer* A record of the operations may be made on the 
printer 208 and stored in the disc storage 210, If the 
manual mode of operation is selected the operator must 
then select the following 7 parameters before proceeding , 
namely; 

10 i. An 8-bit digital to analogue . converter (DAC) 

word. The selection of this binary, word- will., 
determine the temperature that will be generated 
in the heater -element 34 and hence in the tumor 
being treated. The selection of a particular 

15 8-bit word will cause a search operation to take 

place, in. a look-up table in order to produce an 
appropriate temperature representation or 
constant. The system will stay at the constant 
selected to represent the desired temperature for 

20 the duration of the test. 

2. The operator will select a time for the 
temperature that has been selected to be 
applied. . This time will be selected by operating 
the appropriate key on the keyboard 202 

25 associated with the computer 20 3. 

3. The operator will select an address for applying 
to the analogue multiplexer 68 by operating 
another key on the keyboard 202, and this. will 
allow the operator to monitor any or all of the 

30 . connected internal test points in the internal. 

control circuit to assure proper operation. The 
multiplexer 68 is shown having 8 such input 
connections which are connected, to various 
portions of the circuit. Some of these 8 

35 connections are not used in the embodiment shown 

in Fig. 2A. 

4. The operator will operate another key which will 
determine the frequency that sample data will be 
read from the analogue multiplexer 68. 
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5/ Another key on the keyboard 202 will be depressed 
to cause a trickle charge to be applied to the 
- internal power supply or battery 38 as required. 
The frequency at which this is necessary will 
depend upon how much heat is generated by the 
heater element and the characteristics of the 
battery in the internal control. unit. It is also 
contemplated that the internal control unit may 
include means for responding to the charge 
remaining on the battery 38 which, depending on 
the type of battery, used, may include means to 
tell when the battery charge has fallen far 
enough to indicate a potentially dangerous 
condition or a condition that indicates 
recharging is necessary. 

6. Another required input is produced by operation 
of a key on the keyboard 202 to enable the 
internal RAM 94 to store data it receives from 
the analogue multiplexer 68. The data thus 
stored can be later transmitted back to the 
external control unit for evaluation. 

7. The operator must also determine where he. wants 
certain of the data being monitored to go. For 
example , he may feed the data to the disc 210 for 
storage, he may feed it to the printer 208,. he 
may feed it to the graphics display 204, and he 
may instruct the unit to display the information 
on the cathode ray tube 20 6. This will depend 
upon the available equipment in the computer 
portions of the external control unit. 

All of the above operations and selections are made in 
the manual mode and when the internal and external units 
are coupled together as described above with the inductors 
44 and 224 adjacent one another, and with the transmitter 
and receiver portions 52 and" 54 -adjacent to the receiver 
and transmitter portions 236 and 238 respectively. 

After the above selections have been made and the 
operator is satisfied with the results and tests, the 
system will require a start command to begin actual 



execution of a treatment. When the RAM 94 is enabled, a 
command will be sent from the external control unit 22 to 
divert all of the analogue multiplexer 68 outputs for 
entry into the internal control unit RAM 94, If a trickle 
charge operation is required a command will also be sent 
to the external power transducer 223 to initiate that 
operation. Also, if treatment is called for, the selected 
8-bit binary word or byte will be sent to the digital to 
analogue converter 56 for applying the • appropriate voltage 
across the heater element or elements 34. The analogue 
multiplexer 68 sample rate will also be checked to see if 
a polling sequence is required, and if not a countdown 
will take place and a check. made to see if the allotted 
time has expired. If the allotted time has expired the 
DAC 56 input is removed and a Time Expired display will 
appear on the cathode ray tube 206. The system will then 
await further inputs from the operator. If the allotted 
treatment time has not expired the- program will loop and. 
continue to see if a polling sequence should be 
initiated. When this happens a polling routine will read 
in those multiplexer inputs that were initially selected 
by the operator as aforesaid. The 8-bit output of the 
analogue to digital converter 70 will be sent to the 
external control unit 22 (or to the RAM 94) to be stored 
and/or displayed to the operator. This process will 
continue to repeat itself until the time has expired. 
This will be apparent by referring to the flow charts in 
Figs. 7A and 7B. 

If the operator selected the Automatic Mode instead of 
the manual mode he must then select 6 parameters rather 
than 7 before proceeding. The parameters that must be 
selected in the automatic mode are: 

1. Final Temperature - this parameter may be 
specified in °C or any other desired temperature 
and is the tumor temperature that is desired to 
be reached as determined by the output of the 
sensor or sensors 36. 

2. Time To Reach - this input parameter forces the 
software to select the- proper algorithm required^ 
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to raise the temperature of the heater element 34 
sufficiently to reach the required tumor 
temperature in the requested time.. 

3. Time Applied - once the desired temperature in 
the tumor has been reached this parameter , as 
selected f establishes the length of time that the 
desired tumor temperature . will be maintained . 

4. Number, of Cycles' Required - this parameter will 
establish and control whether more than one cycle 
of treatment is required and will further specify 

. . and control the number of treatment cycles that 
will.be produced. 

5. Time Between Cycles - this. parameter allows for 
more treatment periods during which the heater 
elements are deenergized and a return toward 
ambient conditions in the tumor will result. 

6. Data Peripherals - this parameter, controls what 
data will be stored in and/or displayed for the 
operator. 

After the selection parameters for the automatic mode 
have been completed, a start command is required to begin* 
the execution. The algorithm routine that was selected 
will then take over and determine how much power is to be 
applied to the heater element to produce the desired tumor 
temperature. This decision will be based mainly on the 
desired temperature to be reached as indicated by the 
sensor and on the rate of heat application required to. 
achieve the desired temperature. Other factors affecting 
this include the characteristics of the tumor and the 
ahility of the body to dissipate heat from the tumor. 
Once this decision is made in the algorithm routine an 
appropriate 8-bit command will be sent to the digital to 
analogue converter 56 for application of voltage to the 
heater element 34. The analogue multiplexer 68 will then 
be polled at appropriate time or times and data will be 
gathered, stored and analyzed, and this procedure will 
continue until the desired temperature as determined by 
the sensor or sensors 36 is reached. Once the desired 
tumor temperature . is reached a countdown cycle may begin 
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based on the desired time of application of heat and 
changes that will be made to the output of the digital to 
analogue converter 56 word to maintain a constant 
temperature condition as determined by the sensors 36. If 
'5 more than one sensor 36 is used this may involve averaging 
* • the outputs of the sensors to determine the heater voltage 

; e to be applied. Once the time has expired for the 

application of heat treatment, the cycle parameters will 
be checked and if the cycle is finished a display 
10 indicating that the cycle is over will appear and the 

operator must then initiate further actions if more cycles 
are required or the treatment cycle can be terminated at 
that point. If more cycles are required a delay period 
will be counted down, the parameters will be reinitialized 
15 and. another status display will be put on the cathode ray 
tube 206 to indicate the present condition to the 
operator. If called for, the complete cycle or a modified 
cycle of treatment will be restarted. 
} It is also possible using the present device to store 

20 instruction commands in the RAM 94 using the external 
control unit 22. If this is done the external control 
unit can be decoupled from the internal control unit 16 
and the system can operate on its own internal power 
supply for an extended period of time depending upon the 
25 power storage capacity of the power supply 38 and the need 
to recheck the circuit parameters and introduce changes in 
the therapy, as required. 

Figs. 7A and 7B together form a flow chart for the 
subject device and should be considered in conjunction 
30 with the description of the manual and automatic operation 
as set forth above. The flow charts contain blocks which 
identify the various options available to the operator in 
the manual and automatic modes and it is believed that the 
above description will enable one skilled in the art to 
35 understand the flow charts. 

The inputs to the multiplexer 68 may include various 
circuit connections including the circuit connections 
shown. These are used for test purposes and to verify 
) certain circuit conditions as stated above. Eor example, 
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such connections can be made to the ultrasonic 
transmit/receive means 50 to check the operating 
characteristics thereof . Similar connections could also 
be made to respond to the- strength of the transmissions 
and receptions of information and this in turn could be 
used, as a means for indicating whether the coupling 
between the internal and external units are properly made 
and are sufficient to support the necessary communications 
therebetween. 

One of the most important aspects of the present 
invention resides in the fact that it provides means for 
introducing heat at a location that is within the tumor 
being treated and in such a way that all or substantially 
all of the heat that is generated in the heater element is' 
generated in the tumor and radiates outwardly through the 
tumor and through the adjacent body portions from the heat 
source or heater element, and none or substantially none 
of the heat generated is therefore lost or ineffective. 
This means that the heat will be placed where it is most 
needed with little or no chance for damage to the 
surrounding tissue.' This is not the -case when radiation 
treatments are applied because the surrounding tissue and 
organs are exposed to the radiant energy which can cause 
damage thereto. In the case of brain tumors, radiation 
therapy frequently results in damage to brain tissue 
adjacent to the treatment area and this damage generally 
cannot be restored medically. This is not the case with 
the present device which does not produce any damaging 
radiation and concentrates the heat that is produced in 
th,e area where it is most needed. Furthermore, with the 
present system any desired number of probes with 
associated heaters and sensors can be used, the limiting 
factor usually being the capacity of the power supply to 
provide sufficient energy for all of the heaters. . If a 
rechargeable internal power supply is used then the length 
of time that the device can be used when not coupled to an 
external source may be somewhat restricted. On the other 
hand, if power can be supplied to the heater elements by 
direct coupling with the external source then it may be 
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possible to use any nutttber of probes and associated 
heaters even for prolonged treatments. This can be an 
advantage in the treatment of large tumors .and the 
treatment of more than one tumor at the same time using 
5 the same control units* 

The present device can also -be used with any number of 
heat sensors, and the sensors can be located* at various 
positions in the tumor and if desired in the surrounding 
flesh and at various' distances from the heater elements. 

10 This provides the possibility for determining the 

effectiveness of the heater element and the heat gradient 
in the areas being heated and it also provides the 
opportunity for observing- the actual data changes . in. the 
heat dissipation rate which may take place as. the 

15 treatment proceeds. For example, it is anticipated that 
the heat dissipation rate of a tumor will change as the 
treatment proceeds, and the ability of the circulatory 
system of the patient to carry away the heat during 
) treatment may also change and this can be detected 

20 especially if multiple sensors are used. Also, if more 
than one sensor is used some formula or algorithm may be 
necessary to determine a mean average tumor temperature 
' for control and evaluation purposes and also for the 
purposes of determining the' temperature to be applied to 

25 the tumor by the heater elements. It can therefore be 
seen that the present device provides a powerful new 
modality or option for the treatment of body tumors and 
other organs, and particularly for the treatment of brain 
tumors which are difficult and dangerous to treat by other 

30 known means and which can "be treated by the subject device 
which minimum damage and injury to the patient. 

INDUSTRIAL APPLICABILITY 
The present invention substantially increases the 
_ number, of modalitie_s _available_ for operating on certain 

35 kinds of body tumors such as cancerous tumors of the brain 
and includes apparatus for applying heat to and 
maintaining a predetermined tumor temperature condition 
for predetermined time periods. 



Thus there has been shown and described novel 
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hyperthermia treatment means and method which fulfill all 
of the objects and advantages sought therefor. It will be 
apparent to those skilled in the art, however, that many 
changes, modifications, variations, and other uses and - 
5 applications. of the subject means and method are 

possible. All such changes, modifications, variations, 
and other. uses and applications which do not depart from 
the spirit and scope of the* invention are deemed to be 
covered by the invention which is limited only by the 
10 claims which follow* 
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What is claimed is: 
1. Means to introduce heat into body tissue 
comprising a probe having opposite ends for implanting 
under the skin with one end extending into the body tissue 
5 to be heated, said probe having at least one heater 
element located thereon, means to predeterminately 
energize the heater element to. generate heat therein and 
in the body tissue, said energizing means including a 
source of energy and means operatively connecting the 

i0 energy source to the heater element, and means for 

controllably applying energy from said source to the 
heater element, said energizing means and said means 
connecting the heater element to the energy source being 
implantable under the skin, 

15 2. The means of claim 1 wherein the source of energy 

is rechargeable, 

3. The means of claim 1 wherein the probe includes 
at least one heat sensitive element located thereon to be 
exposed to the temperature of the body tissue being heated. 

20 4, The means of claim' 1 wherein the probe includes 

at least two spaced heat sensitive elements located 
thereon to be exposed' to the temperature of the body 
tissue being heated at spaced locations therein. 

5. The means of claim 1 wherein the energizing means 
25 include an electronic circuit having means. to control the 

amount of energy to be applied to the heater element and 
means responsive to the condition of the heat sensitve 
element . 

6. Means to generate heat in body tissue such as in 
30 a -cancerous tumor for therapy purposes comprising a system 

entirely implantable beneath the skin of the person being 
treated r said implantable system including a probe having 
opposite ends, including a first end for positioning 
.extending into _the body tissue_ to be treated and a second 
35 end extendable therefrom to adjacent the surface of the 
skin, an electric heater element and a heat sensitive 
member mounted on the probe adjacent to the first end, an 
electronic control unit and means operatively connecting 
the electronic control unit to the heater element and to 
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the heat sensitive member, said' electronic control unit 
including an energy source for the implantable system, a 
programmable circuit including a memory circuit, and 
transmission and receiving means, and an external control 
system having means therein for coupling to the 
implantable system, said external control system including 
programmable means for programming the . programmable 
circuit of the implantable .system 

7. The means of claim 6 wherein the external control 
means includes means for selecting a predetermined 
treatment temperature , and means for energizing the heater 
element to produce and maintain the predetermined 
treatment temperature in the body tissue being treated - 

8. The means of claim 7 wherein the external control 
unit includes means for selecting a predetermined time for 
maintaining the heater element energized to maintain the 
predetermined treatment temperature in the body tissue 
being treated. 

9. The means of claim 7 wherein the external control 
unit includes means for establishing a predetermined 
frequency of treatment cycles when the heater element is 
energized. 

10. The means of claim .6 including means for 
energizing of the heater element to establish a 
predetermined temperature and means responsive to a . 
condition of the heat sensitive member representative of 
temperature. 

11. The means of claim 6 wherein the energy source 
includes a rechargeable energy source, and means in the 
external control system operating through the coupling 
means for recharging the rechargeable energy source, 

12. A probe for use in treating tumors arid the like * 
comprising an elongated member having spaced first and 

second opposite ends, an electric heater element y 
positioned adjacent to the first end in position to be 
exposed to the surrounding environment including to the 
tumor to be treated, a sensor having an electric 
characteristic that changes in response to changes in 
temperature, means mounting said sensor on the elongated^— 




member in spaced relation to the electric heater .element, 
means positioned between the heater element and -the sensor 
to insulate therebetween, and electrical connection means 
having portions extending through the elongated member for 
5 connection respectively to the heater element and to said 
sensor. 

. 13. The probe defined in claim 12 wherein the 
elongated member includes a tubular portion and the 
electrical connection means includes a conduit having 
*10 conducters extending therethrough. 

14. The probe of claim 12 wherein the elongated 
member has an outside diameter of approximately 2 
millimeters. 

15. Means for generating heat at a location inside of 
15 a body comprising an implantable system including 

an implantable member having an electrically 
energizable heater element mounted therein, 

means to apply electric energy to the heater element 
including a source of electrical energy and means 
20 connecting the source to the heater element, and 

means to control the amount of electrical energy 
supplied to the heater element from the source to control 
the amount of heat produced thereby. 

16. The means of claim 15 wherein the source of 
25 energy includes a battery. 

17. The means of claim 16 including means to recharge 

the battery. 

18. The means of claim 15 wherein the means to 
control the amount of electrical energy supplied to the 

30 heater element includes microprocessor means and means 
under control thereof to control the voltage applied 
across the heater element. 

19. The means of claim 15 wherein the implantable 
system includes programmable means. 

35 20. The means of claim 19 including an external 

control system, and means for coupling the external 
control system to the implantable system, said external 
control system including means to program the programmable 
means in the implantable systems. 



WO 84/02839 



PCT/US84/00070 



21. The means of claim 20 wherein the programmable 
means includes means to control the amount of electrical 
energy supplied to the heater element and the time 
duration that the electrical energy is supplied, 

22. The means of claim 15 including means in the 
implantable system for responding to the temperature in 
the body at a location spaced from the heater element,, 
said temperature responsive means producing an output 
response representative of the body temperature at the 
location thereof. 

.23. The means of claim 22 including means for 
adjusting the amount of electrical energy supplied to the 
heater element in response to the output response of the 
means for responding to the body temperature. 

24. The means of claim 22 wherein the heater element 
and. the. means . for responding to body temperature are 
located in spaced relationship in the implantable member. - 

25. The means of claim 15 wherein a plurality of 
spaced heater elements are positioned in the .implantable 
member . 

26. The means of claim 22 wherein a plurality of 
spaced means for responding to body temperature are 
positioned in the implantable member. 

27. The means of claim 24 wherein the implantable 
member is constructed at least in part of a thermally 
conductive material. 

28. The means of claim 20 wherein the external 
control system includes a computer. 

29. A system for introducing thermal energy into body 
tissue in a living organism comprising 

a first system for implanting in the living organism 
entirely beneath the skin, said first system including 

a probe having an end portion extendable into the body 
tissue into which thermal energy is to be introduced, 

an electric heat producing device positioned on the 
probe, 

. a source of energy operatively connected to the heat 
•producing device, and 

a means to control the application of energy from the 
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source of energy to the heat producing device. 

30. Means for recharging a power supply implanted in 
a living body under the skin comprising a rechargeable 
power source, means including a first inductor operatively 

5 connected to the rechargeable power source, said first 
inductor being implanted in the living body under but 
closely adjacent to the surface -of the. skin, a source of 
recharging energy for recharging the rechargeable power 
source, a second inductor operatively connected to the 

10 source of recharging energy, said rechargeable power 

source being recharged by the source of recharging energy 
when the second inductor is positioned adjacent to the 
first inductor with the skin therebetween so that the 
electromagnetic fields of said first and second inductors 

15 are electromagnetically coupled when energy from the 
source of recharging energy is applied to the second 
inductor . 

31. The means in claim 30 wherein the rechargeable 
power source includes a battery. 

20 32. The means of claim 30 including computer means 

operatively connected to the source of recharging energy, 
said computer means including programmable means 
operatively connected to control the recharging of the 
rechargeable power source when the first and second 
25 inductors are placed adjacent to each other. 

33. The means of claim 32 including means to monitor 
the output of the rechargeable power source, and means for 
communicating the output of the monitor means to the . 
computer means. 
30 -34. Means to introduce heat into body tissued 

comprising an elongated probe having spaced opposite ends 
for implanting under the skin with a portion thereof 
extending into the body tissue to be heated, said probe 

having .a. plurality, of heater elements and a plurality of 

35 heat sensor devices at spaced locations therealong, means 
to predeterminately energize selected ones of the heater 
element to generate heat therein and in the surrounding 
body tissue, said energizing means including a source of 
energy and means operatively connecting the energizing^ 
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source to the selected heater elements ^ and control means 
operatively connected tothe sensor devices and responsive 
to the electrical condition thereof which in turn is 
representative of the temperature thereat. 
5 35. The means of claim 34 wherein the elongated probe 

has a curved contour from end to end. 

36. The means of claim 34. including means to program., 
the application of energy to the selected heater elements . 

37. Means to generate heat in body tissue such as a 
10 cancerous tumor for therapy purposes comprising a system 

including an elongated probe having opposite ends 
including a first end positioned extending into the body 
tissue to be treated and. a second end extending therefrom 
to adjacent the surface of the skin, at least two 
15 electrical heater elements positioned at spaced locations 
along the probe at locations corresponding to locations in 
the tissue to be treated, at least two heat, sensitive 
members mounted at spaced locations along the probe and at 
positions to respond to the temperature of the tissue 
20 adjacent to the probe where they are located, an 

electronic control unit and means operatively connecting 
the electronic unit to each of the heater elements and to 
each of the heat sensitive members , said electronic 
control unit including an energy source and means to 
25 controllably apply electrical energy from said energy 

• source to selected ones of the heater elements to energize 
the heater element to produce heat at the location thereof 
in the probe- and in th-j surrounding tissue, said 
electronic control unit also including means responsive to 
30 the condition of selected ones of the heat sensitive 

members to generate electrical responses representative of 
the tissue temperature adjacent to the respective heat 
sensitive members. 

. _ _ ? 8 _»_ _? he _ m _ e ?ns of claim 37 wherein the electronic 
35 control unit includes programmable means for programming 
the application of energy from the energy source to the 
respective heater elements' and for programming the 
electrical responses of the selected heat sensitive 
members. 
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39. The means of claim 37 wherein the heater elements 
and the heat sensitive members are located in spaced 
alternate positions along a length of the probe. 
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